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Where does stemness stem from? Is it hardwired in a group of gifted cells, or is it an adaptive
capacity nurtured by the niche? This issue’s Select highlights some exciting advances in under-
standing the relationship between stem cells and their environs.When clonally cultured, lineage-labeled airway
secretory cells (yellow) dedifferentiate into
basal stem cells (red, left), whereas coculture
with a single basal stem cell prevents dediffer-
entiation (right). Image courtesy of J. Rajagopal.Reprogramming Goes Live
Reprogramming committed differentiated cells into stable stem cells has been
achieved in various settings in vitro. A new study by Tata et al. (2013) demon-
strates that, when airway basal stem cells are in demand, spontaneous reprog-
ramming occurs in vivo as committed secretory cells convert into stem cells to
replenish the stem cell pool. The authors use lineage-tracing strategies to
show that, in response to the ablation of airway basal stem cells, secretory
cells proliferate, acquire stem cell markers, and eventually generate a stable
stem cell pool that gives rise to all three epithelial cell types of the airway.
Although it is comforting to see that nature has a backup plan for compen-
sating sudden stem cell loss, one can imagine that the hidden stemness poten-
tial of differentiated cells needs to be carefully controlled for the maintenanceof tissue homeostasis. Indeed, Tata and colleagues find that direct contact with one single basal stem cell is sufficient to
keep the dedifferentiation ability of secretory cells in a restful slumber. Moreover, their sphere-forming assays indicate
that the stemness potential of different secretory cell subsets is inversely correlated with their relative maturity, in analogy
to the reprogramming observed in the initial amphibian cloning experiments. Together, these findings demonstrate that
this contingency plan for ensuring a functional basal stem cell pool is tightly regulated in both cell-autonomous and nonau-
tonomous manners, which leads to the next question of how this mode of regulation is executed in the three-dimensional
environment in vivo. Additionally, one wonders whether this remarkable spontaneous dedifferentiation ability might con-
tribute to cancer.
Tata, P.R., et al. (2013). Nature 503, 218–223.3D rendering of a hair follicle at
the restingphaseof the regenera-
tion cycle (epithelial cells, green;Niches within the Niche
In real estate, it is all about location. In stem cell niches, the same principle applies.
Recent studies have documented the phenomenon of stem cell niche compartmen-
talization across different tissues in mammals. The work by Rompolas et al. (2013)
now takes this a step further to show that heterogeneity within a niche is not only
an anatomical feature but also responsible for making the final call on stem cell fate.
By adopting an in vivo lineage-tracing approach at single-cell resolution, the authors
find that, in skin hair follicles, most of the stem cells located within the bulge stay
quiescent, whereas those originating from the hair germ consistently differentiate into
committed lineages to support hair follicle growth. Moreover, even within one niche
compartment, the bulge, stem cells residing in the lower half of the compartment
are more proliferative than the ones situated in the upper half, suggesting that the
precise location matters for stem cell behaviors. Interestingly, when either bulge stem
cells or hair germ cells are removed by laser-induced ablation, the niche recovers the
lost cell population, rebuilds the damaged compartment, and regains the capacity for
hair regeneration by deploying the distant epithelial cells and making them adopt the
new fate to construct an entire niche compartment. These findings emphasize the instru-
mental role of stem cell niche in regulating stem cell function and tissue homeostasis.
Future efforts may reveal the identity of these instructive cues that make each niche envi-
ronment special and provide valuable information for developing new approaches for stem
cell therapy.
Rompolas, P., et al. (2013). Nature 502, 513–518.stem cell, red). Image courtesy
of V. Greco.
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Bone marrow from Nestin-GFP transgenic mice
stained with endothelial markers (white). Image
courtesy of P. Frenette.Arterioles Make the Bed for HSCs
Maintaining a quiescent hematopoietic stem cell (HSC) population is crucial for
the sustainability of long-term hematopoiesis, whereas proliferative HSCs are
also functionally important in response to disruptions of homeostasis. There
have been different ideas regarding the spatial organization of these two
HSCpopulations, and in an effort to clarify the role of niche environment in regu-
lating HSC behaviors, Kunisaki et al. (2013) combine whole-mount confocal
immunofluorescence imaging techniques and computational modeling to iden-
tify the vascular niches for quiescent HSCs. From their analyses, the authors
find that sinusoids are preferred by proliferating HSCs, whereas quiescent
HSCs tend to be located in close proximity with arterioles, where the Nestin+
NG2+ periarteriolar niche cells reside. Interestingly, their further characteriza-
tion shows that these periarteriolar niche cells are quiescent themselves, while
promoting HSC quiescence. Moreover, depletion of the Nestin+ NG2+ cells or
inducing HSC proliferation drives HSCs away from arterioles, highlighting the
importance of local environment in fine-tuning HSC behavior. Future workmay clarify how the different niche cells at different locations are able to maintain different status of HSCs and whether the
malfunction of these regulatory systems contributes to the development of hematopoietic malignancies.
Kunisaki, Y., et al. (2013). Nature 502, 637–643.Pulling the Trigger for Stem Cell Replenishment
The quiescent center (QC) is an important component of the stem cell niche required
for plant root development. As implied by the name, QC cells are characterized by a
low proliferation rate, and this feature plays an essential role in preserving the stem
cell fate, thereby maintaining root structure. Heyman et al. (2013) now identify the
transcription factor ERF115 as the molecular switch controlling QC cell proliferation
in Arabidopsis. They show that, in quiescent QC cells, the protein level of ERF115 is
tightly controlled by ubiquitin ligase-mediated proteolysis, whereas when QC cell
division is induced by treatment of stress signaling hormones, such as brassinoste-
roids, ERF115 expression is upregulated, which promotes QC cell division through
the signaling pathway of the peptide hormone PSK5, suggesting the potential
role of QC cells as a backup reservoir for replenishing damaged stem cells. This
work highlights the intrinsic signaling elements that may dictate the behavior of
QC cells, which in turn contributes to the regulation of the stem cell niche. It would
be interesting to see how these findings might be utilized to guide stem cell
research in other organisms toward a better understanding of how niche longevity
is regulated.
Heyman, J., et al. (2013). Science 342, 860–863.ERF115-GFP fusion protein in dividing
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